This study provided empirical information on determinants of climate change adaptation among farming households in Southwest Nigeria using Heckman's double stage selection approach. Three states were randomly selected across southwest Nigeria: Ekiti, Ogun and Oyo States. Data were collected in two phases. The first phase was rapid rural appraisal of the selected states while the second phase was detailed survey using a structured questionnaire administered to 360 randomly sampled farm units. Data collected were analysed using descriptive statistics and Heckman's double stage selection model. The result of the analysis showed that there was relatively high level of awareness of climate change among the farmers. Major sources of information about climate change among the farmers include personal observation and extension agents. From the result of the Heckman double stage selection model, variables that significantly influenced the first decision of whether or not to adapt to climate change include: gender, experience, extension visits, farm size, income, credit access, number of farm labourers and dependency ratio. On the other hand, variables that significantly influenced extent of adaptation to climate change include: gender, experience, education, extension visits, farm size, income, credit access, number of farm labourers and dependency ratio. Based on the findings, the study therefore recommends farmers' sensitization programmes on indicators of climate most especially those indicators with low indices. Effort should be made by government at all levels towards capacity building of the farmers through improved education, extension visits, increased farm size, increase in income and improved access to credit.
INTRODUCTION
Agriculture plays an important role in Nigerian economy contributing about 40% of the GDP (Olomola, 2006) and employing about 65% of the adult labour force (Adedipe et al., 2004). Despite its contribution to the nation's economic development, Nigerian agricultural sector is challenged with multitude of problems among which is the changes in climatic conditions such as drought, unpredictable rainfall and increased flooding among others.
Climate change is a global phenomenon undermining the achievement of the Millennium Development Goals (MDGs) and efforts to reduce extreme poverty. It is a change in the state of the climate that can be identified by using statistical tests, by change in the mean and the variability of climatic properties that persist for an extended period typically decades or longer (Intergovernmental Panel on Climate Change, 2007). Climate change has become more threatening not only to sustainable environmental quality but also as a major challenge to the fight against hunger, malnutrition, diseases and poverty in Africa through its impact on agricultural production.
The threats of climate change cut across all the subsectors of Nigerian agriculture such as livestock, crop production, agroforestry, fishery and agricultural products processing. For instance, Valtorta (2009) noted that climate change affects animal production in four ways which include: (a) the impact of changes in livestock feed-grain availability and price; (b) impacts on livestock pastures and forage crop production and quality; (c) changes in the distribution of livestock diseases and pests; and (d) the direct effects of weather and extreme events on animal health, growth and reproduction. Crop production is also significantly affected by the changes in climate and atmospheric carbondioxide (CO 2 ) (Rosenzweig and Hille, 1998). The changes in temperature and precipitation might further alter both arable and forest crop yields, water and nutrient budgets in the field thereby subjecting crops to stress (Tubiello et al., 2002) . In addition, Khanal (2009) noted that heat stress might affect the whole physiological development, maturation and finally yield of cultivated crops.
On the damages to aquatic lives, climate change affects the metabolism, growth and distribution of many aquatic organisms as well influence diseases that afflict them. For agricultural processing, Canadian Grain Commission (2009) reported that the heat effect of climate change on processed agricultural products causes the growth and development of spoilage molds which affect products in storage by causing adverse quality changes, heat-damage, dull appearance, musty odours, visible molds, production of toxins and allergens. This situation is worst in Sub-Saharan African countries. Nigeria for instance is already experiencing low crop yields and altered animal compositions as a result of extreme weather and climate change. Recent studies have also shown that there has been precipitation decrease in the humid regions of West Africa, including parts of southern Nigeria since the beginning of the century (Adebayo et al., 2011) . This is evidenced by the late arrival of rains, drying up of streams and small rivers that usually flow year round. The seasonal shifting of rain and that of the fruiting period and the gradual disappearance of flood-recession cropping in riverine areas are among the effects of climate change in communities in the Southwest Nigeria.
In Maddison, 2007) . These studies estimated the determinants of the discrete decision to adapt to climate change after being aware of the phenomenon but none investigated the factors that dictate the extent of adaptation using the number of adaptation strategies adopted by farmers, thereby creating a knowledge gap. Knowledge of determinants of discrete decision to adapt or not and the extent of adaptation climate change is imperative because it may not be the same factors that affects both decisions. So that studying one without the other will not give a complete picture thereby hampering policy interventions. Thus, the broad objective of this study was to estimate the determinants of climate change adaptation among farm households in Southwest Nigeria. Specifically, the study established the level of awareness of changes in climate indicators among the farmers (i.e whether high, moderate or low), major sources of information about climate change to farmers and determinants of farmers' discrete decision to adapt and extent of adaptation to climate change. 
MATERIAL AND METHODS

Area of Study
Sampling and Data Collection
Multi-stage random sampling technique was used for selecting 360 farm units for the study. Three states were purposively selected in Southwest Nigeria to ensure that the three local ecological zones in the area were covered. The three states selected were Ekiti State from derived savannah, Oyo State from Guinea savannah and Ogun State from rainforest belt. From each of the three states, two agricultural zones were randomly sampled. These were Zones I and II from Ekiti State, Ibadan/Ibarapa and Ogbomosho zones from Oyo State while Ijebu Ode and Abeokuta zones were selected from Ogun State. From each of the selected six agricultural zones, two local government areas (LGAs) were randomly selected.
Random sampling technique was used to select two farming communities from each of the sampled 12 LGAs making 24 farming communities for the study. From each of the selected farming communities, random sampling technique was also used to select 15 farm units giving a total of 360 farm units. Data for this study were obtained from primary source through the use of structured questionnaire with close-ended questions. The data were gathered by the researcher with the help of five trained research assistants making six enumerators for data collection. Out of the 360 copies of questionnaire administered, 348 copies were retrieved from the respondents (farmers) representing 96.7% return rate.
Estimation Procedure
The data collected were analysed with descriptive statistics (mean) using 4-point rating scale and Heckman double stage selection model.
Rating Scale Technique
To determine farmer's level of awareness about climate change in southwest Nigeria, mean and standard deviation were employed using 4-point rating scale technique. The 4-point rating scale was graded as High Awareness (HA) = 4, Moderate Awareness (MA) =3, Low Awareness (LA) =2 and No Awareness (NA) = 1. The mean ratings of the respondents based on the 4-point rating scale were graded using real limit of number (Tab. 1). 
Heckman's Double Stage Model
The Heckman's double stage model was adopted in this study because adaptation to climate change involved a two stage decision process for the farm households. The first stage is a discrete decision of whether to adapt to climate change or not, while the second stage is continuous which is the extent of the adaptation considering the number of coping strategies used by the household. The second stage is conditional on the positive first decision, that is, decision to adapt to climate change. The second stage was estimated by the percentage of adaptation strategies employed by the farmers out of the total thirty three (33) adaptation strategies specified in the study (Appendix A for list of adaptation strategies). The procedure for the first stage of Heckman doublestage model of positive decision to adapt to climate change is expressed by Equation 1.
Where: Z = 1 if a household decide to adapt to climate change or Z = 0 if otherwise. The decision on the extent of adaptation measured by percentage of coping strategies used is modelled by Equation 2.
Where: X= is a vector of exogenous variables, Y > 0 if = 1 and Y = 0 if = 0, e, μ ~N(0, ) with correlation ρ, equation (2) can be estimated by Equation 3.
Where: 
RESULTS
Awareness of Climate Change Phenomenon among Farmers in the Study Area
Six out of the 20 identified indicators of climate change (Tab. 2) had mean values that ranged from 3.50 to 3.67 on 4-point rating scale, indicating high awareness of the six climate change indicators among farmers in the area. These indicators with their corresponding mean values include: unpredictable rainfall patterns (3.52), increase in temperature or heat intensity (3.67), prolonged drought than before (3.50), delays in arrival of annual rainfall (3.53), gradual disappearing of the usual Harmattan periods (3.64) and decrease in ice fall during rainfall unlike before (3.55).
Ten out of the 20 identified climate change indicators had mean values that ranged between 2.66 to 3.39 on 4-point rating scale indicating moderate awareness of the ten climate change indicators among the farmers. These indicators with their corresponding mean values on a 4-point rating scale include: decreased rainfall amount in the continental interiors (2.93), increased rainfall in the coastal areas (2.66), high winds and heat waves (3.39), fast water evaporation from the ground (2.90), unusual heavy rainfall (2.89), reduced length of growing season (3.03), increased flooding/erosion menace (3.20), increased desertification (2.92), drying up of rivers, lakes and streams (3.12) and increased post-harvest deterioration of crops (3.24). The findings of this study on level of awareness of climate change is related to the findings of the study of Ozor & Nnaji (2011) who found out that effects of climates change as perceived by farmers in Enugu State, Nigeria include: heat from high temperature (3.53) drying of rivers, lakes and surface water bodies (3.48), drought (3.35) and change in storage quality of fruits and vegetable (3.16). 
Sources of Information on Climate Change among the Farmers
About 79% of the farmers were aware of climate change through personal observation of variations in the indicators (Tab. 3). This was closely followed by 63% of the farmers who indicated extension agents as their source of information on the phenomenon. About 28% of the farmers indicated researchers as their sources of information on climate change in the process of data collection for climate change related studies, 22.41% got their information through friends, 20.11% through radio/television, 19.25% through farmers' cooperatives, 17.81% from newspapers, 5.46% through the internet while only 3.74% of the farmers got their information about climate change through politicians. The finding of this study is in line with that of Adebayo et al. (2011) who found that the main sources of information about climate change among farmers are personal observation, personal contacts, family and friends as well as radio and television. The study of Deressa et al. (2008) showed that 81% of the farmers around Nile basin in Ethiopia personally noticed a decrease in the amount of rainfall or a shorter rainy season. The findings of this study is in agreement with the report of National Metrological Services Agency (NMSA) (2001) which showed that farmers through personal observation are aware of increasing trend in temperature and decreasing trend in precipitation. In addition, Gbetibouo (2009) reported that farmers with access to extension services are likely to be aware of changes in the climate because extension services provide information about farm practices under the prevailing biophysical conditions such as climate and weather variations. This corroborates the fact that effective extension service delivery is a good avenue for farmers' increased awareness of climate change.
Socio-economic Determinants of Farmers Adaptation and Extent of Adaptation to Climate Change
The Heckman's double stage model was used for estimating the influence of socio-economic characteristics of the farmers on the discrete decision of whether or not to adapt and the continuous decision of the extent of adaptation to climate change. The results justified the use of Heckman double stage selection model with rho (correlation between the error terms of the outcome and selection models) value of 0.61561 which was significantly different from zero (0). Moreover, the likelihood function of the Heckman double stage model was significant (Wald 2 χ= 743.72, with p≤0.0000) showing strong explanatory power of the model.
The results from the regression showed that most of the explanatory variables affected the probability of adaptation decision and extent of adaptation as expected (Tab. 4). Variables that positively and significantly influenced the first decision of whether or not to adapt include: gender, farming experience, extension visits, farm size, income, credit access and number of farm labourers. However, dependency ratio was significant and negatively related with the first discrete decision. On the other hand, variables that positively and significantly influenced extent of adaptation to climate change include: gender, farming experience, education, extension visits, farm size, income, credit access and number of farm labourers. Dependency was also found to significant and negatively affected extent of adaptation to climate change. The marginal effects (dy/dx) from the Heckman's double stage selection, which measure the expected change in probability of adaptation and extent of adaptation to climate change with respect to a unit change in an independent variable was also presented (Tab.4) for both selection and outcome models respectively.
Gender of household head (GENDERHHHD) was positively and significantly (p<0.05) related with the discrete decision of adaptation and also positively and significantly (p<0.01) related with extent of adaptation by number of adaptation strategies utilized. An increase in the household heads by one male will have a marginal effect of raising the probability of adaptation to climate change by 0.01668 (1.6%). Similarly, an increase in household heads by one male will have a marginal effect of raising the probability of using addition adaptation strategies by 0.01976 (1.9%). This result is in line with the findings of Deressa et al. (2008) that male headed households have more probability of adapting to climate change. Asfaw & Admassie (2004) reported that maleheaded households are often considered to be more likely to get information about new technologies for adoption than female-headed households.
Years of farming experience (YRSFMEXPR) of the farmers was found to be significant (p<0.10) and positively affected discrete decision of adaptation. The extent of adaptation was also positively and significantly (p<0.01) correlated with experience. The result of the marginal impact showed that a unit increase in years of farming experience of the farmers will result in probability of making positive decision to adapt to climate change by 0.00122 (0.1%) and probability for taking additional adaptation strategies by 0.04378 (4.3%). This findings supported the result of the study of The coefficient of years of formal education (YRSOFEDU) was positive and significantly (p<0.05) correlated with the discrete decision to adapt to climate change and also significantly (p<0.05) related with extent of adaptation to climate change by number of strategies utilized. The result of marginal effect on the discrete decision showed that a unit increase in years of formal education of the farmers will lead to probability of making positive decision to adapt to climate change by 0.01363 (1.3%) and probability for taking additional adaptation strategies by 0.15988 (15.9%). This agreed with the findings of Enete et al. (2011) that farmer's years of formal education was positive and significantly related with the level of investment in indigenous climate change adaptation practices. Number of extension visits (EXTVISITS) to the farmers was highly significant and positively influenced discrete decision of adaptation at p<0.01 and extent of adaptation at p<0.01. The result of the marginal impact showed that a unit increase in number of extension visits to the farmers will yield 0.01288 (1.3%) increase in probability of taking discrete decision to adapt and 0.08181 (8.2%) probability of taking additional adaptation strategies. This finding is in agreement with that of Bekele & Drake (2003) whose findings showed that extension education was an important factor motivating increased intensity of use of specific soil and water conservation practices. Other studies that established positive relationship between extension contacts and adoption of agricultural and adaptation technologies include: Birungi and Hassan (2010) that found positive relationship between agricultural extension and adoption of inorganic fertilizer as land management technology in Uganda; also Hassan and Nhemachena (2008) found out that extension contact had positive influence on adoption of multiple crops under irrigation, mono crop-livestock under dry land, mono crop-livestock under irrigation, multiple crop-livestock under irrigation and multiple crop-livestock under dryland as adaptation strategies employed by African farmers.
The coefficient of farm size (FMSIZE) of the farmers had positive and significant (p<0.01) relationship with discrete decision of adaptation. Farm size was also positive and significantly (p<0.01) related with the extent of adaptation to climate change. The result of marginal effects on farm size indicated that a one-unit increase in farm holdings of the farmers would lead to 0.02910 (2.9%) increase in the probability of adapting to climate change and 0.02792 (2.7%) increase in probability for taking additional adaptation strategies by the farmers. This finding agreed with the results of the study of Ayanwuyi et al. (2010) who found out that farm size had positive and significant relationship with the perception and climate change adaptation strategies adopted by farmers in Ogbomosho Agricultural zone of Oyo State. Farmers income (INCOME) was found to be highly significant (p<0.01) and positively related to the discrete decision to adapt to climate change. The extent of adaptation was also positive and significantly (p<0.01) correlated with farmers income. The result of the marginal effects showed that a unit increase in the farmers income will result in increase of the probability for taking positive decision to adapt to climate change by 0.08144 (8.1%) and probability for taking additional adaptation strategies by 0.01944 (1.9%). Increase in farmers' income increases their adaptive capacity to cope with changes in climatic conditions by adopting various adaptation strategies. This finding is in line with that of Agabi (2012) who found out that increase in farmers' income in Northcentral Nigeria increased farmers' access to adaptive technologies and coping capacity.
Farmers' access to credit (CREDITACCESS) was found to be significant (p<0.05) and positively related to discrete decision to adapt to climate change. The extent of adaptation was also positive and highly significant (p<0.01) with access to credit. This conforms apriori expectation as access to credit increase financial capacity of farmers to employ various adaptation options that are climate and profit driven. The result of the marginal effect showed that a unit increase in farmers' access to credit will yield 0.05615 (5.6%) increase in probability for taking positive decision to adapt and 0.03933 (3.9%) probability for taking additional adaptation strategies.
Access to farm credit as found out by Nhemachena & Hassan (2008) increases financial resources of farmers and their ability to meet transaction costs associated with various adaptation options they might want to take. Number of farm labourers (FARMLABORERS) was highly significant (p<0.01) and positively correlated with discrete decision of adaptation. Also, the coefficient of farm labourers was positive and significantly (p<0.01) related to the extent of adaptation. A unit increase in number of farm labourers will have a marginal effect of increasing the probability of taking positive decision to adapt to climate change by 0.01862 (1.8%) and increase probability of taking additional adaptation strategies by 0.04783 (4.7%).
Literature suggests that climate adaptation is costly and labour intensive. Therefore, a farming household with more number of farm labourers is at advantage of using more adaptation strategies to cope in the face of climate change. Hence, the result of the study conducted by Onyeneke & Madukwe (2010) in South-eastern Nigeria confirmed that shortage of labour constitute a major barrier to adaptation to climate change.
The coefficient of the number of dependent members (DEPENDENCY) in farming households in Southwest Nigeria was significant and negatively influenced the discrete decision on adaptation to climate change at p<0.10 and extent of adaptation at p<0.01. The negative relationship between dependency and climate change adaptation is expected. This is because, an increase in number of dependent household members may indicate decrease in the number of economically active household members and consequently low adaptive capacity through utilization of various adaptation strategies to cope with the effects of climate change, all things being equal. The result of the marginal effect showed that a unit increase in number of dependent population of farm household, will result to 0.00883 (0.9%) decrease in probability for taking positive decision to adapt and 0.04823 (4.8%) decrease in probability for taking additional adaptation strategies. The finding of this study is in line with findings of Magheed (2011) who found out that number of dependent persons in farm households significantly and negatively related to adoption of soil and water conservation technologies in Pakistan.
CONCLUSIONS
Indeed, farmers in Southwest Nigeria are quite aware of climate change. Apart from farmers' personal observation of changes in climatic conditions, access to extension services and interaction with researchers enhanced farmers' awareness of climate change in southwest Nigeria. The Heckman double stage selection model was applied to examine the determinants of adaptation and extent of adaptation to climate change. On the selection model, the results of the Heckman highlighted that gender, farming experience, extension visits, farm size, income, credit access and number of farm labourers, are factors that influenced discrete decision to adapt or not to adapt to climate change. On the outcome model, gender, farming experience, education, extension visits, farm size, income, credit access, number of farm labourers and dependency ratio are the factors that influenced extent of adaptation to climate change. The study therefore recommends farmers' sensitization programmes on indicators of climate most especially those indicators with low indices. There should be more awareness creation among farmers about climate change using media such as radio/television, newspapers, internet and farmers' cooperatives. Effort should be made by government at all levels towards capacity building of the farmers through improved education, extension visits, increased farm size, increase in income, improved access to credit and land ownership.
